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My invention relates to Hall effect devices and in par 
ticular to those Hall effect devices which may be employed 
to sense the position of a body. 

It is an important object of my invention to provide 
such a device which senses and electrically indicates the 
position or displacement of an object. 

It is a further object of my invention to provide such 
a device wherein the relation of current to displace 
ment is linear over the intended range, 

It is a still further object of my invention to provide 
such a device which possesses high sensitivity and is not 
temperature dependent. 

It is a still further object of my invention to provide 
such a device wherein it is not necessary to attach any 
electrical leads to the object whose position or displace 
ment is under observation. 

These and other objects, features and advantages will 
be apparent during the course of the following descrip 
tion when taken in conjunction with the accompanying 
drawings wherein: 
RIGURE 1 is a view showing the electrical connec 

tions made to a single Hall plate to sense the position or 
displacement of an object, 
FIGURE 2 is a perspective view of a prior art Hall 

effect device used to detect the position or displacement 
of an object, 
FIGURE 3 is an end elevational view of an embodiment 

of my invention, 
FIGURE 4 is a view similar to FIGURE 3 of a further 

embodiment of my invention, 
FIGURE 5 is a view similar to FIGURE 3 of a still 

further embodiment of my invention, and 
FIGURE 6 is a view similar to FIGURE 1 showing the 

preferred electrical connections to be made to the Hall 
plates shown in FIGURE 5. 

In the drawings, wherein for the purpose of illustration, 
are shown preferred embodiments of my invention, the 
numeral 10 designates a Hall plate of bismuth, indium. 
antimonide, or purified indium arsenide doped with 
2x 1018 sulphur atoms per cm3 or other suitable ma 
terial. Electrodes 12 and 14 are affixed to plate 10 at its 
ends and serve as the contacts through which potential 
from battery 22 is applied to plate 10. Electrodes 16 and 
18 are applied to the opposite lateral faces of plate 10 
and serve as the contacts through which plate 10 is con 
nected to indicator 24. Lines 20 represent the magnetic 
field in which plate 10 is positioned. 

It is well known that when a current flows in a Hall 
effect device and a magnetic field is applied at right angles 
to the current flow, an electric potential is generated which 
is perpendicular to both the direction of current flow 
and the magnetic field. This potential appears between 
points that were at equal electrical potential in the absence 
of the magnetic field, such as, for example, at the mid 
points of the lateral faces of plate 10, at which points 
electrodes 16 and 18 have been affixed. This potential 
may be measured by a conventional D.-C. voltmeter 24 
or by any other type of instrument which will respond to 
changes in potential. This potential, which is known 
as the Hall potential, is proportional to both the electric 
current and the magnetic field. Therefore, if the electric 
current is kept constant and the magnetic field is varied, 
the Hall potential will vary in accordance with the 
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strength of the magnetic field. Thus, it can be seen that 
if plate 10 is moved so that it is cut by less of the lines 
of force 20 then previously, the potential, as displayed 
on indicator 24 will be less than it was before plate 
10 was moved. 

In FIGURE 2, Hall plate 10 is placed between 
poles 28 and 30 of horseshoe magnet 26. Body 11 is 
the body whose position is being sensed and is affixed to 
plate 10 so that the motion of plate 10 is a function of 
the motion of body 11. If plate 10 is moved in the 
direction of either of the arrows 32 and 34, the poten 
tial shown on the indicator will vary in accordance with 
the distance plate 10 is moved. It is to be noted that 
the measure of the displacement of plate 10 is the change 
in potential as measured by the indicator. Body 11, 
whose motion is being studied, is mechanically connected 
to plate 10 and mechanical damping is introduced by the 
leads, which for low resistance may have to be very heavy, 
and the mechanical connection. For the above reasons, 
I have found it advisable to keep the Hall plate station 
ary and to vary the strength of the magnetic field cut 
by the plate in the manner to be described below. 

In FIGURE 3, there is illustrated an embodiment of 
my invention in which the Hall plate is stationary and 
body 11, whose motion is under study, is mechanically 
connected to the means by which the magnetic field cutting 
the Hall plate is varied. In FIGURE 3, as well as in FIG 
URES 4 and 5, the body, whose motion is being studied, 
may be the magnetic field-varying element 38. This is 
possible, for example, if the body under study may be 
formed of high permeability material. Moreover, while 
I have found it best to use a horseshoe magnet to pro 
duce the magnetic field, other magnets may be employed 
so long as the field cutting the Hall plate is of sufficient 
strength and expanse to adequately indicate changes in 
position of the body under study. 

Hall plate 10 in FIGURE 3 is stationary and is located 
between the flat face of pole 36 and the flat face of sta 
tionary body 36 which is formed of high permeability 
material such as soft iron. Body 38 of soft iron or similar 
high permeability material is placed between pole 28 and 
body 36. Body 38 may be the body whose position is to 
be observed or it may be mechanically connected to body 
11 as indicated in the figure. Body 38 moves in the direc 
tions of the arrows 32 and 34 and thereby causes the 
magnetic flux through plate 10 to vary in accordance with 
the position of body 38. Since the permeability of body 
36 is high, there is no appreciable difference of magnetic 
potential throughout its volume and in particular, the face 
adjacent to plate 10 will be of equal potential and piate 10 
will be in a homogeneous magnetic field. This magnetic 
field will vary in intensity in accordance with the position 
of body 38; but due to the inhomogeneous nature of the 
magnetic field in the neighborhood of a small magnet pole 
piece, the magnetic flux through plate 10 may not neces 
sarily vary linearly with the displacement of moving 
member 38, with the faces of member 38 parallel to those 
of pole 28 and member 36, respectively. For instance, 
when moving member 38 outward in the direction of 
arrow 32, the flux through plate 10 may drop progressively 
less than required for linearity. In this case, I may taper 
the faces of member 38 to make it thinner near the side 
of arrow 34. Then, as member 38 is moved out of the 
gap between pole 28 and member 36, not only the cross 
section of the magnetic path between pole 28 and member 
36 that is filled with high permeability material will be 
reduced, but also the width of the air gaps between pole 
28 and member 38 and/or members 38 and 36 will be 
progressively widened, aiding the drop-off of magnetic 
flux through plate 10, as required. 
The embodiment of FIGURE 3 possesses the following 

advantages over that of FIGURE 2: there are no flexible 



3. 
leads connected to the moving member, and the Hall plate 
may respond linearly to the change in position of the 
body under observation. However, the embodiment of 
FIGURE 3 has the disadvantage that when body 35 moves 
from a region of high magnetic field strength to one of 
low magnetic field strength, magnet 26 will pull body 38 
toward the region of high magnetic field strength, thereby 
distorting the true reading of the mechanical force caus 
ing the displacement of body 38. As a result the device 
will not be as accurate as is often required in the neasure 
ment of forces, such as are due to acceleration. 

For such applications, therefore prefer the embodi 
ment illustrated in FIGURE 4 in which I have split body 
36 into two bodies designated 36A and 36B and have 
placed Hall plate it between poie 30 and body 36A, 
Now, it can be seen that body 38 during its motion Wiii 
remain in a region of substantially constant magnetic field 
strength while still effecting a considerabie change in the 
magnetic flux through plate ii. As before, the motion of 
body 38 is in the direction of arrows 32 and 34 and the 
resulting position of body 33 will be indicated on the 
indicator associated with plate i0. Also, it should be 
noted that the connections from the source of potential 
and to the indicator on plate it in FIGURES 3 and 4 
are the same as those shown in FIGURES 1 and 2. 
While the embodiment of FIGURE 4 is linear and 

useful for its purpose, I prefer in some cases to use the 
embodiment shown in FIGURE 5. In FIGURE 5, I have 
provided two Hall plates designated 10A and 6B. Plate 
10A is located between body 36A and pole 38 and plate 
10B is located between body 35B and poie 36. The device 
is fully symmetrical and may be used in several ways. 
First, I may use plate 20A as the detecting device and 
not use plate is B at all. In such a case, the operation is 
identical with that of the device of FIGURE 4. Similarly, 
I may use plate 10B alone which is also the same as the 
operation described for the embodiment of FIGURE 4. 
Second, I may connect plates 10A and if B to separate 
sources of potential and to separate indicators and use 
the reading of one as a check on the reading of the other. 
Third, I may connect the two plates as shown in FIGURE 
6. The input electrodes 2A, 2B, 4A and 4B are con 
nected to battery 22 so that plates if A and 6B are fed 
in parallel. The output terminals are connected in series 
opposition, electrodes 6A and 16B are connected to 
gether and electrodes 18A and 8B are each connected 
to one terminal of indicator 24. When body 38 moves 
in the direction of arrow 34, the output of plate it A will 
increase over that of plate 1635 and when body 33 moves 
in the direction of arrow 32, the output of plate (B will 
increase over that of plate i0A. Therefore, when the 
embodiment of FIGURES 5 and 6 is empioyed, there is 
no output voltage reading when body 38 is at its mid 
position since any residual voltage outputs of the two Hall 
plates are cancelled and a zero center type of indicator 
will linearly indicate the direction and the amount of dis 
placement of body 38 from its mid-position. Likewise, 
the residual effects of temperature variations or changes 
in power supply voltage will not shift the zero position 
of the meter and thereby sources of error will be mini 
mized further. 

Devices of my invention may be used as position 
gauges, microphones, accelerometers or similar devices 
wherein it is useful to have a linear output voltage as a 
function of the position of a moving body. 

Body 11, whose position is being sensed by devices of 
my invention, may be a diaphragm or membrane, a mass 
or any other moving element and under certain condi 
tions may be the magnetic field-varying element 38. 

While I have disclosed my invention in relation to 
specific examples and in specific embodiments, I do not 
wish to be limited thereto, for obvious modifications will 
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occur to those skilled in the art without departing from 
the spirit and scope of my invention. 

Having thus described my invention, I claim: 
1. A Hall effect electromechanical sensing device for 

Sensing the position of a body comprising a permanent 
magnet, a pair of high permeability bodies placed side by 
side between the poles of said permanent magnet and 
stationary with respect to said poles, a third body of high 
permeability positioned between said pair of high perme 
ability bodies and one of said poles, a body whose posi 
tion is to be sensed connected to said third high perme 
ability body, said third high permeability body being 
movable in conjunction with said body whose position 
is to be sensed in a direction substantially normal to the 
magnetic field between said two poles, a Hall plate hav 
ing four electrodes positioned between one of said pair 
of high permeability bodies and the second of said poles, 
two of said electrodes being applied to opposite ends of 
said Hall plate and two of said electrodes being applied 
to opposite sides of said Hall plate, the lines between 
each of said opposite pairs of electrodes and the magnetic 
field being Substantially mutually perpendicular, a source 
of electric potential connected to two opposite electrodes 
of said Hall plate, and indicating means connected to the 
other two opposite electrodes of said Hall plate, said 
indicating means being responsive to the changes of the 
magnetic flux caused by the change in position of said 
third high permeability body with respect to said poles. 

2. A Hall effect electromechanical sensing device for 
Sensing the position of a body comprising a permanent 
magnet, a pair of high permeability bodies placed side 
by side between the poles of said permanent magnet and 
Stationary with respect to said poles, a third high perme 
ability body positioned between said pair of high perme 
ability bodies and one of said poles, a body whose position 
is to be sensed connected to said third high permeability 
body, said third high permeability body being movable 
in conjunction with said body whose position is to be 
Sensed in a direction substantially normal to the magnetic 
field between said two poles, a pair of Hall plates each 
having four electrodes positioned so that one of said Hall 
plates is between one of said pair of high permeability 
bodies and the second of said poles and the other of said 
Hall plates is between the second of said pair of high 
permeability bodies and the second of said poles, in each 
said Hall plate, two of said electrodes being applied to op 
posite ends of said Hall plate and two of said electrodes 
being applied to opposite sides of said Hall plate, the lines 
between each of said opposite pairs of electrodes of each of 
said Hall plates and the magnetic field being substantially 
mutually perpendicular, a source of electric potential con 
nected to said two opposite electrodes of each of said Hall 
plates, and indicating means connected to the other two 
opposite electrodes of each of said Hall plates, said in 
dicating means being responsive to the changes in the mag 
netic flux caused by the change in position of said third 
high permeability body with respect to said poles. 

3. A Hall effect electromechanical sensing device as 
described in claim 2 wherein said source of electric poten 
tial is connected to a pair of electrodes of each said Hall 
plate Such that equal potentials are applied to said Hall 
plates and the other electrodes of said Hall plates are con 
nected in series opposition to said indicating means. 
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